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In two experiments, pigeons were exposed to concurrent-chains schedules in which a single initial-
link variable-interval schedule led to access to terminal links composed of fixed-interval or fixed-delay
schedules. In Experiment 1, an 8-s (or 16-s) delay to reinforcement was associated with the standard
key, while reinforcer delay values associated with the experimental key were varied from 4 to 32 s.
The results of Experiment I showed undermatching of response ratios to delay ratios with terminal-
link fixed-delay schedules, whereas in some pigeons matching or overmatching was evident with the
fixed-interval schedules. In Experiment 2, one pair of reinforcer delay values, either 8 versus 16 s or
16 versus 32 s, was used. In the first condition of Experiment 2, different delays were associated with
different keylight stimuli (cued condition). In the second condition, different terminal-link delays were
associated with the same stimulus, either a blackout (uncued-blackout condition) or a white key
(uncued-white condition). To examine the role of responses emitted during delays, the keys were
retracted during a delay (key-absent condition) in the third condition and responses were required by
a fixed-interval schedule in the fourth condition. Experiment 2 demonstrated that the choice proportions
for the shorter delay were more extreme in the cued condition than in the uncued-blackout condition,
and that the response requirement imposed by the fixed-interval schedules did not affect choice of the
shorter delay, nor did the key-absent and key-present conditions. These results indicate that the
keylight-stimulus conditions affected preference for the shorter of two delays and that the findings
obtained in Experiment 1 depended mainly on the keylight-stimulus conditions of the terminal links
(i.e., the conditioned reinforcing value of the terminal-link stimuli).

Key words: choice, delay of reinforcement, generalized matching law, conditioned reinforcement,
concurrent-chains schedules, fixed-interval schedules, fixed-time schedules, key peck, pigeons

Recent studies of choice between delayed
reinforcers, using a concurrent-chains proce-
dure, have shown that preference for the shorter
of two delays increases when the absolute size
of the delays is increased (Duncan & Fantino,
1970; Fantino & Royalty, 1987; Gentry &
Marr, 1980; MacEwen, 1972; Williams &
Fantino, 1978). These results are inconsistent
with the notion that choice behavior matches
relative immediacy (the reciprocal of delay) of
reinforcement. This notion was first estab-
lished by Chung and Herrnstein (1967), who
gave pigeons a choice between paired delays
(the durations of a blackout period) in a con-
current schedule in which two variable-inter-
val (VI) schedules were concurrently avail-
able, each leading to a blackout period followed
by the presentation of a reinforcer. In their
procedure, an 8-s (or 16-s) delay was used in
one key (standard key), while delay values were
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varied from 1 to 30 s in the other key (exper-
imental key). They found that relative re-
sponse matched to relative delay (or relative
immediacy) of reinforcement.
To investigate the effect of differences in the

stimulus conditions between terminal-link
fixed-delay (FD) and terminal-link fixed-in-
terval (FI) schedules, Williams and Fantino
(1978), using pigeons, examined the stimulus
conditions of terminal links in concurrent-
chains procedures in which a single VI sched-
ule arranged entry into the terminal links, and
the terminal-link stimuli were associated with
different delays of reinforcement defined by FI
schedules. They compared a cued condition
with the corresponding uncued condition un-
der several pairs of delays, in which the longer
delay was twice as long as the paired shorter
delay (e.g., FI 5 s vs. FI 10 s). In the cued
condition, choice responses produced different
stimuli associated with each delay, whereas in
the uncued condition, choice responses pro-
duced the same stimulus (i.e., white-key illu-
mination) for each delay. Thus, the uncued
condition was similar to the condition used by
Chung and Herrnstein (1967) in that the dif-
ferential consequence of the choice response
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was only the overall time to reinforcement.
They found that choice proportions for the
shorter delay increased with increases in the
absolute value of the paired delays in both cued
and uncued conditions, although choice pro-
portions were higher in the cued condition than
in the uncued condition.

Although these findings cannot explain re-
sults of the Chung and Herrnstein (1967) study
that were inconsistent with those of other stud-
ies (e.g., MacEwen, 1972), Williams and Fan-
tino (1978) applied the following generalized
matching equation (Baum, 1974) to the data
of Chung and Herrnstein:

(R1/R2) = b[(11D1)1(11D2)]a
= b(D2/D1)a, (1)

where D is the reinforcer delay, 1/D is the
immediacy of reinforcement, R is the number
of responses to that alternative, and a and b
are empirical constants. If Equation 1 is log-
arithmically transformed, we obtain

log(R1/R2) = a log(D2/D1) + log b. (2)
A bias is present when b is not equal to one.
Strict matching occurs when a is equal to one.
Undermatching occurs if a is less than one,
and overmatching occurs if a is greater than
one. Thus analyzed, Williams and Fantino
(1978) found that overmatching occurred for
the longer delay values (i.e., longer than 8 s),
whereas undermatching occurred for the
shorter delay values (i.e., shorter than 8 s) in
the 8-s delay group of the Chung and Herrn-
stein (1967) study.

Further, it should be pointed out that the
effects of delayed reinforcers were confounded
with relative frequency of reinforcement in the
study of Chung and Herrnstein (1967). In
their experiment, relative frequency of rein-
forcement was not equated on two alternatives
because two independent schedules (e.g., VI
schedules) were used. Because relative fre-
quency of reinforcement depended, to some
extent, on a subject's responding, the effects of
delayed reinforcers were confounded with rel-
ative frequency of reinforcement. To overcome
this problem, several studies of the effects of
delayed reinforcers employed a single VI
scheduling procedure (Stubbs & Pliskoff, 1969)
to equate relative reinforcement rate on two
alternatives (Gentry & Marr, 1980; Mac-
Ewen, 1972; Williams & Fantino, 1978). Also,
additional timeout periods after the shorter

delays have been used to equate overall rates
of reinforcement on two alternatives (cf. Chung,
1965; Gentry & Marr, 1980).
The stimuli associated with delays (e.g., the

terminal links of concurrent chains) seem to
play an important role, as suggested by the
Williams and Fantino (1978) study. They
showed that choice proportions in the uncued
(same stimulus) condition were reduced rela-
tive to those in the cued (different stimuli)
condition. Similar results were obtained by
Navarick and Fantino (1976), who showed
that preference for the shorter delay was some-
times reduced to indifference when the same
stimulus (blackout) was used for each delay.
A recent study by Dunn, Williams, and Roy-
alty (1987) showed the important role of ter-
minal-link stimuli as deterrhinants of prefer-
ence in the initial links of a concurrent-chains
procedure. These findings indicated that the
role of the stimulus associated with each delay
must be considered, as well as the delays to
the reinforcer per se. Therefore, one problem
is to what extent such stimulus conditions sub-
stantially affect the matching relation to de-
layed reinforcers.
The procedures used by Williams and Fan-

tino (1978) differed from those used by Chung
and Herrnstein (1967) in several ways. First,
in the former study, the uncued condition em-
ployed keylight (white) illumination for the
delay period rather than a blackout. Second,
responses were required during the delay pe-
riod in the Fl schedules but not in the FD
schedules. Third, there was no position cue in
the cued and uncued conditions; in the uncued
condition, for example, entry from either ini-
tial link resulted in illumination of one of the
response keys with white light, regardless of
which response key during the initial link had
produced the terminal link. Fourth, a single
VI schedule was used in the initial links in-
stead of two independent VI schedules.
With respect to the first two factors, Wil-

liams and Fantino (1978) noted that neither
of these differences seemed of major impor-
tance in light of Neuringer's (1969) results,
which showed that pigeons are indifferent be-
tween blackout and Fl schedules in the ter-
minal links. In Neuringer's procedure, how-
ever, the effects of stimulus conditions were
confounded with the response requirement im-
posed by Fl schedules. Therefore, it is of par-
ticular interest to examine the effects of these
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two factors separately on choice. In studies of
choice between delayed reinforcers, there have
been three different combinations of stimulus
and response conditions in terminal links. First,
the keylight was presented for each delay, and
no responses were required in fixed-time (FT)
terminal-link schedules (e.g., Williams &
Fantino, 1978); and second, the keylight was
not presented (i.e., blackout) and responses
were not required in FD terminal-link sched-
ules (e.g., Davison, Alsop, & Denison, 1988);
third, the keylight was presented for each de-
lay, and responses were required in Fl ter-
minal-link schedules (e.g., MacEwen, 1972).
Thus, preferences obtained under these ter-
minal-link schedules may have been deter-
mined in part by the effects of stimulus and/
or response conditions.
The present experiments were designed to

examine these procedural differences to see
whether matching of relative response rates to
relative delayed reinforcers does occur. Ex-
periment 1 attempted to replicate the results
of the Chung and Herrnstein (1967) study
while eliminating the complicating effects of
changes in relative rate of reinforcement. It
compared Fl terminal-link schedules with FD
terminal-link schedules under paired delays of
various durations, as in Chung and Herrnstein
(1967). Experiment 2 employed only one pair
of delay values and examined several terminal-
link schedule conditions to determine the ef-
fects of keylight stimulus and response con-
ditions.

EXPERIMENT 1
METHOD

Subjects
Six homing pigeons were maintained at

about 80% of their free-feeding weights by
additional feeding after each experimental ses-
sion. Water and grit were available in the home
cages at all times. All birds had previous ex-
perimental histories with multiple schedules.

Apparatus
A standard experimental chamber (30 cm

by 30 cm by 30 cm) with two response keys
was used. Each key was transilluminated with
white, red, and green lights except during a
blackout period and the operation of a hopper.
The keys required a minimum force of 0.10

N to operate. The opening of the hopper that
allowed 3-s access to grain was located midway
between the two keys and 16 cm below them.
Masking noise was provided by an exhaust
fan throughout the experiment. A microcom-
puter system (NEC PC-8801), in an adjacent
room, controlled the experiment and recorded
events.

Procedure
Initially, all pigeons were exposed to a con-

current-schedules procedure in which rein-
forcement was given equally often for two
alternatives. After performance was approxi-
mately stabilized, a concurrent-chains sched-
ule was introduced with two different types of
terminal-link schedule, FD and Fl schedules.
The subjects were first exposed to the FD
terminal-link condition and then to the Fl ter-
minal-link condition. Each session was ter-
minated when 30 reinforcers had been ob-
tained.

During the initial link of the concurrent-
chains schedule (i.e., choice phase), each key
was always illuminated with white. After en-
try into either of the terminal links (i.e., delay
period), both keys were darkened in the FD
terminal-link condition, whereas only the key
not pecked was darkened in the Fl terminal-
link condition and the other key remained
white. Entry into either of the terminal links
was arranged by the single VI scheduling pro-
cedure. Each interval of the VI tape was de-
rived from the distribution of Fleshler and
Hoffman (1962). As each interval timed out,
the timer stopped and reinforcement was as-
signed quasi-randomly, with equal probability
to either the left or the right key (Stubbs &
Pliskoff, 1969). In this procedure, therefore,
each alternative was presented equally often
during each session. The next response on the
appropriate key initiated the delay period de-
fined by the value of the terminal-link sched-
ule. After the delay, reinforcement (3 s access
to grain) was available on the terminal-link
schedule. Then an additional timeout in black-
out followed.

Six pigeons were divided into two groups;
one received a standard 8-s delay condition and
the other received a 16-s delay condition. The
value of the terminal-link schedule imposed on
the right key (the standard key) was 8 s in one
group and 16 s in the other group, while the
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values of the terminal-link schedule imposed
on the left key were varied across conditions.
The values of the delays used on the experi-
mental key were 4, 8, 16, 24, and 32 s (the
value of 32 s was used only for the constant
16-s delay group). All pigeons were initially
exposed to an equal delays condition (i.e., 8 s
vs. 8 s for the standard 8-s delay group and
16 s vs. 16 s for the standard 16-s delay group).
The order of the conditions for each group is
described in Table 1.
To equate the overall reinforcement rate for

two alternatives, the total duration of the ter-
minal links was equalized on two keys. Total
duration of each terminal link was 30 s for the
8-s delay group and 40 s for the 16-s delay
group, and was arranged by adding an ap-
propriate period (blackout) to the end of the
hopper presentation. In the 4-s versus 8-s con-
dition, for example, the total duration of 30 s
for the left key consisted of a 4-s delay period
and a 3-s hopper presentation with 23 s of
additional blackout, whereas for the right key,
the total duration of 30 s consisted of an 8-s
delay interval and a 3-s hopper presentation
with 19 s of additional blackout. Pecking either
key had no effect during blackout. At the end
of the additional period, the response keys were
again illuminated, and the VI timer restarted.

Each condition continued for a minimum of
18 sessions until the following stability crite-
rion was achieved: The choice proportion (cal-
culated by dividing the initial-link responses
for the left key by the total initial-link re-
sponses) for the last nine sessions were divided
into three blocks of three sessions each. The
choice proportion was considered stable when
the means of these blocks did not differ from
each other by more than .05, and showed no
monotonically increasing or decreasing trend
in the block means.

RESULTS
Table 1 shows the mean number of re-

sponses for both initial and terminal links,
mean choice proportions and standard devia-
tions for each pigeon, and the order of con-
ditions. All data were averaged over the last
nine sessions for each condition. For all pi-
geons, choice proportions for the shorter delay
(i.e., initial-link responses for shorter delay
divided by total initial-link responses) usually
increased when the terminal links changed from
FD to FI schedules.

Figure 1 shows the logarithm of the ratio
of choice responses as a function of the loga-
rithm of the ratio of delays in the FD and Fl
terminal-link conditions for each pigeon. The
dashed lines show the locus of strict matching
between the response ratio and delay ratio. A
linear regression was applied to the log-trans-
formed data. The solid lines show a least
squares fit to the data. The value of r2 is the
coefficient of determination.

For the FD terminal-link conditions, the
obtained function for each pigeon had a slope
less than one; the values of the slope obtained
ranged from 0.50 to 0.80 for the 8-s standard
delay group and from 0.39 to 0.86 for the 16-s
standard delay group. The percentages of data
variance accounted for ranged from 60% to
97% for the 8-s delay group and from 86% to
98% for the 16-s delay group. Thus, all pigeons
undermatched their response ratios to delay
ratios in the FD terminal-link condition.
When the condition was changed to the FI

terminal-link condition, the values of the slope
of the function obtained increased for all pi-
geons. For the Fl condition, the values of the
slope obtained ranged from 0.63 to 1.23 for
the 8-s standard delay group and from 0.97 to
2.08 for the 16-s standard delay group. The
percentages of data variance accounted for
ranged from 91% to 99% for the 8-s delay
group and from 94% to 95% for the 16-s delay
group. Therefore, 4 pigeons showed matching
or overmatching of response ratios to delay
ratios, although 2 pigeons in the 8-s delay group
still showed undermatching.

DISCUSSION
The present experiment eliminated the

complicating effects of rate of reinforcement
and demonstrated that all pigeons under-
matched their response ratios to delay ratios
in the FD terminal-link condition, whereas in
the FI terminal-link condition 4 of the 6 pi-
geons showed matching or overmatching of the
response ratios to delay ratios. Thus, the pres-
ent results indicate that sensitivity to the ratio
of delays was higher in the FI schedules than
in the FD schedules. This finding is inconsis-
tent with those obtained from Chung and
Herrnstein (1967) but is consistent with those
obtained in the Gentry and Marr (1980) study,
in which rate of reinforcement was equated on
two alternatives by using a single VI procedure
and an additional blackout period after the
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Fig. 1. The logarithm of the ratio of responses as a function of the logarithm of the ratio of delays in the FD and

FI terminal-link conditions for each pigeon. The dashed lines show the locus of strict matching between response ratio
and delay ratio. The solid lines show a least squares fit to the data.
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shorter delay. They gave pigeons a choice be-
tween two different values of the delay defined
by the duration of blackout periods, one of
which was always four times longer than the
other but whose absolute durations were var-
ied across conditions (e.g., FD 1 s vs. FD 4 s
or FD 32 s vs. FD 128 s). They found that
for shorter and longer delays, pigeons' choice
proportions were lower than the predicted value
of .80.

Because the values of the slopes of the func-
tion obtained in the Fl terminal links were
greater than those obtained in the FD terminal
links in the present study, it seems that some
aspects of the Fl terminal-link condition af-
fected the matching relation to delayed rein-
forcers. Thus, the present results indicate that
the matching relation to delayed reinforcers
depends on the terminal-link conditions of a
concurrent-chains schedule.
One problem, therefore, is to determine

which aspects of the terminal-link conditions
affect sensitivity to delayed reinforcers. As
mentioned in the introduction, the stimulus
and response conditions of terminal links are
two factors that might affect sensitivity to de-
layed reinforcers. Because these factors were
confounded in the procedure of Experiment 1,
Experiment 2 attempted to examine these fac-
tors separately in several conditions. In addi-
tion, the present experiment also attempted to
replicate the results of Experiment 1 with the
reversed sequence of the terminal-link condi-
tions, because Experiment 1 used only one
sequence of conditions (i.e., from the FD to
the FI terminal-link condition).

EXPERIMENT 2
METHOD

Subjects and Apparatus
The subjects were 4 homing pigeons main-

tained at about 80% of their free-feeding
weights by additional feeding after each ses-
sion. Three of the subjects were experimen-
tally naive, and 1 subject (MP81 11) had been
used in Experiment 1. The same apparatus
was used as in Experiment 1, except for the
addition of a device for retracting the response
keys. The response keys could be retracted 3
cm from the front wall at a rate of about 0.03
m per second, removing the possibility that the
pigeons could peck the keys.

Procedure
The procedure was the same as that used

in Experiment 1 except that only one pair of
delay intervals was used, in which the longer
delay was twice as long as the shorter delay
(i.e., 8 s vs. 16 s or 16 s vs. 32 s). An 8-s (or
16-s) delay was associated with the right ter-
minal link, and a 16-s (or 32-s) delay was
arranged in the left terminal link. The 16-s
versus 32-s delay pair was used only for
MP8111.

Three keylight conditions were arranged in
the terminal links: For the uncued conditions,
entry into either of the terminal links changed
the keylights from white to dark in the uncued-
blackout condition; in the uncued-white con-
dition, the keylight of the key just pecked re-
mained white. (The other key was darkened,
however.) For the cued condition, entry into
one of the terminal links changed the keylight
from white to red (or green), and the other key
was darkened.

Entry into either of the terminal links either
caused the retraction of both keys during each
delay interval (the key-absent conditions), or
the keys remained available (the key-present
conditions). In the key-present conditions, re-
sponding during the delay intervals had no
scheduled consequences. The two uncued con-
ditions were used with the key-absent condi-
tion. Finally, Fl terminal-link schedules were
used with the uncued-white condition in order
to examine the effects of the response require-
ment imposed by the Fl terminal-link sched-
ules.
The experiment was conducted in a repli-

cation design. The subjects were first exposed
to the uncued-blackout condition and then to
the uncued-white condition. The order of pre-
sentation of conditions for each subject is shown
in Figure 2. Each condition was continued for
a minimum of 18 sessions and until the same
stability criterion as used in Experiment 1 had
been achieved.

RESULTS
Figure 2 shows the choice proportions for

the shorter of two delays for each subject (and
the order of conditions). In general, choice pro-
portions differed across the keylight-stimulus
conditions, whereas choice proportions in the
key-absent condition did not differ substan-
tially from those in the key-present condition.
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the order of conditions. Brackets indicate one standard deviation. Fixed-time (FT) terminal-link schedules were used
in all but one condition labeled FI, with only one pair of delay intervals (i.e., 8s vs. 16 s; 16 s vs. 32 s for MP81 11).

For Pigeon MP8502, for example, the highest
choice proportion was obtained in the cued
condition and the lowest was obtained in the
uncued-blackout condition within the first three
conditions; subsequent replications confirmed
these results. These results were replicated in
all pigeons, although 2 of the birds (MP8412
and MP8503) showed relatively high levels of
choice proportions (more than .80) in most
conditions.

Table 2 summarizes the results in which
each replication was averaged for each con-
dition, and includes mean choice proportions
and standard deviations and mean number of
responses during initial and terminal links for
each pigeon. For all but 1 pigeon (MP81 11),
mean number of responses emitted during the
terminal links ranged from 30 to 56 in the
uncued-white condition and from 124 to 205

in the uncued-white condition with FI sched-
ules. In contrast, Pigeon MP81 11, in the paired
delay of 16 s versus 32 s, emitted 479 responses
for the uncued-white condition and 724 re-
sponses for the uncued-white condition with
FI schedules. Thus, the response requirement
imposed by the Fl schedules produced re-
sponse rates about four times greater than those
in the FT schedules, except for MP81 11. There
were few responses in the uncued-blackout
condition for any pigeon.

For the uncued-blackout condition, the mean
choice proportion for the shorter delay was .64,
which was the lowest in all conditions. Mean
choice proportions in the three uncued-white
conditions (uncued-white condition with and
without keys and with FI schedules) did not
differ substantially, nor did mean choice pro-
portions in the two cued conditions (cued con-
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dition with and without keys); choice propor-
tions ranged from .81 to .82 in the three uncued-
white conditions, whereas choice proportions
in the two cued conditions were .90 and .89,
respectively. Thus, the results of the present
experiment showed that the keylight-stimulus
conditions, rather than the response condi-
tions, affected choice between delayed rein-
forcers, and that the uncued-white and cued
conditions increased choice of the shorter delay
relative to the uncued-blackout conditions.

DISCUSSION
One of the purposes of the present experi-

ment was to examine the role of response re-
quirement during delay periods. One compar-
ison was made between the uncued-white
conditions with the FT and Fl terminal-link
schedules. Choice proportions did not differ
substantially between these two conditions, al-
though mean number of responses emitted was
about four times larger in the Fl schedules
than in the FT schedules. Thus, the present
results extended the generality of Neuringer's
(1969) results to the situation in which a suc-
cessive comparison was made between the Fl
and FT terminal-link schedules with a single
VI 30-s schedule in the initial links.
A second purpose of the present experiment

was to assess the effects of keylight-stimulus
conditions during the terminal links. We used
three different keylight conditions and found
that choice proportions for the shorter delay
increased from the uncued-blackout condition,
through the uncued-white condition, to the cued
condition. The present study provided a base-
line for assessing the effects of keylight stim-
ulus by using the uncued-blackout condition.
Therefore, the present study can quantitatively
describe the effects of the keylight-stimulus
conditions relative to the baseline condition
(i.e., the blackout condition); the white-key
illumination increased the choice proportions
by an average of 17%, and red- or green-key
illumination associated with each delay in-
creased the choice proportions by an average
of 26% from the baseline condition. Thus, there
was an average difference of 9% in choice pro-
portions between the uncued-white and cued
conditions. In this respect, the present results
are consistent with those obtained by Williams
and Fantino (1978), which showed that choice
proportions in the cued condition increased
relative to those in the uncued condition (cor-
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responding to the uncued-white condition of
the present experiment). In the uncued con-
dition, however, the choice proportions were
somewhat lower than those obtained in the
present experiment. In Phase 1 of their study,
mean choice proportion across pigeons was .75
in the 10-s versus 20-s condition, whereas it
was .81 in the corresponding condition of the
present experiment. This difference may be
attributable to the lack of the position cue that
was incorporated in the present procedure. In
contrast, the cued condition may offset the ef-
fects of the lack of the position cue, because
similar choice proportions were obtained in the
cued conditions of both studies.
The present experiment employed a repli-

cation design and presented each condition in
a different sequence. Therefore, the results
concerning the uncued-white condition of the
Fl terminal-link schedules (corresponding to
the Fl terminal-link condition of Experiment
1) provide support for the generality of the
results of Experiment 1, in which only one
sequence of conditions was used (i.e., in tran-
sition from the FD to the FI terminal-link
condition).
Taken together, the present results indicate

that the differences in the slopes of the func-
tions between the two conditions of Experi-
ment 1 were due to the difference in the stim-
ulus conditions rather than the response
requirement imposed by the FI terminal-link
schedules.

GENERAL DISCUSSION
The main finding of the present study was

that undermatching of the response ratio to the
delay ratio was evident in the FD terminal-
link schedules, whereas matching or over-
matching was seen in the Fl terminal-link
schedules in terms of the generalized matching
law. These different results were due primar-
ily to the differences in the terminal-link stim-
ulus, rather than response, conditions; the un-
cued-white or cued condition in which entry
into either of the terminal links left the keylight
white or changed the keylight from white to
different key colors (red or green) increased
choice of the shorter delay relative to the un-
cued-blackout condition. On the other hand,
there was no substantive difference between
the effects of the presence or absence of keys
(the key-present vs. key-absent conditions).

Beyond this difference, the response require-
ment imposed by the FI terminal-link sched-
ules did not affect choice of the shorter delay
when compared to the FD terminal-link
schedules.

Recent studies of delayed reinforcers have
focused on the role of conditioned reinforce-
ment played by a terminal-link stimulus
(Dunn, Williams, & Royalty, 1987; Williams
& Dunn, 1991; Williams & Fantino, 1978).
In this regard, the present study provided clear
evidence for quantitative differences in the
conditioned reinforcing value among three ter-
minal-link stimulus conditions. The present
study employed two uncued conditions (i.e.,
uncued-white and uncued-blackout condi-
tions). However, the uncued-white condition
differed from the uncued-blackout condition
in that the uncued-white condition was cued
by darkening of the inoperative key. Thus, the
uncued-white condition is closer to the cued
condition. This may be one reason for the dif-
ference in the strength of conditioned rein-
forcement between the two uncued conditions.
The present results can be dealt with by the

generalized matching equation with the sen-
sitivity term, a. As demonstrated in Experi-
ment 1, the value of a in Equation 1 increased
as the difference between the stimuli signaling
the two terminal links increased (i.e., from the
uncued-blackout to the uncued-white condi-
tion). Although Experiment 2 used only one
delay ratio, the results of Experiment 2 also
showed that choice proportions for the shorter
of two delays increased as a function of the
difference in terminal-link stimulus condi-
tions, indicating that sensitivity to delayed re-
inforcers was enhanced. Thus, the extent to
which the conditioned reinforcing value of the
terminal links affected preference is repre-
sented as the difference in the value of a in
Equation 1.

Alternatively, these differences in the con-
ditioned reinforcing value can also be pre-
dicted, in a qualitative sense, from the contin-
gency-discriminability model (Davison &
Jenkins, 1985), which states that sensitivity to
reinforcement in choice depends on how well
subjects can discriminate the relation between
their responses and subsequent reinforcers.
Applied to the present experiments, this model
predicts that removing the source of discri-
minability of different terminal links (e.g., key
location and color differences) by using the
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uncued-white or blackout conditions makes it
more difficult for the subject to detect these
contingencies; thus, sensitivity to delayed re-
inforcers under these uncued conditions is low-
ered relative to the cued condition. This dis-
criminability account is consistent with the
results obtained under the uncued-white and
blackout conditions. However, the quantitative
differences in choice proportion between these
two uncued conditions cannot be dealt with by
the contingency-discriminability model, be-
cause it does not contain any term for rein-
forcer delay. Therefore, the modeling of these
different effects needs further work.
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